We discuss a simple search problem which can be pursued with different methods, either on a classical or on a quantum basis. The system is represented by a chain of trapped ions. The ion to be searched for is a member of that chain, consisting, however, of an isotopic species different from the others. It is shown that classical imaging may lead to the final result as fast as quantum imaging. However, for the discussed case the quantum method gives more flexibility and higher precision when the number of ions considered in the chain increases. In addition, interferences are observable even when the distances between the ions are smaller than half a wavelength of the incident light. [2]. In this article we discuss a very simple example where the search can be performed in the same system on either a classical or a quantum basis. Such a situation is useful for illustrating the particular aspects of a quantum search with respect to a classical search.
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We recall that fluorescence imaging, i.e., measurement of the mean intensity of radiation scattered by atoms upon excitation, provides information about the density profile. In fact, this is a common method used to image, for example, trapped ions or a Bose-Einstein condensate [3] [4] [5] . We could, however, do more than just image the sources of fluorescence, e.g., by determining the spectrum of the scattered light. In this case, in addition to the position the motional state of the atoms is accessible. Instead of imaging the particles individually on a detector, one could also observe the fluorescence in the far field or Fourier plane of a lens [6] . In this case, the intensity distribution corresponds to the interference pattern described by the first-order correlation function of the fluorescence light. It results from the contribution of all particles at once, and their relative positions can be deduced from the profile of the interference pattern. The intensity distribution thus contains more information than the direct imaging of the ions [7] . A further step in sophistication would be to observe the scattered light using two detectors and to measure the second-order correlation function. This corresponds to a nonclassical imaging technique where the associated spatial distribution is determined by the different paths the photons can take when reaching the two detectors. The corresponding interference pattern again relies on the contribution of all scatterers simultaneously but for certain excitation angles is purely due to quantum interferences [8, 9] . In this type of experiment only the coincidence events at the two detectors are recorded. As the paths of the photons contributing to these coincidences change with the relative position of the detectors and/or the scatterers, the observed interference patterns again allow the positions of the individual particles to be retraced. However, owing to the larger variability of the parameters involved, a much richer interference structure is obtained. To illustrate this in more detail we consider a particular example, viz., a linear chain of ions of the same atomic species. In order to set up a search procedure we assume that one of the ions belongs to an isotopic species different to the others. By calculating the spatial photon-photon correlations we then show how the secondorder correlations can be used to reveal information on the position of the off-resonant, nonradiating isotope in the chain. We will also demonstrate why this information is more extensive than that obtained from the usual fluorescence imaging techniques or first-order correlation function. In particular, it will be shown that the second-order correlation function is able to provide data in parameter regions where the first-order correlation function is not able to provide any information.
Let us consider a chain of ions with an energy level scheme as shown in Fig. 1(a) . The transition ͉g͘ → ͉e͘ is used for exciting the system, whereas the transition ͉e͘ → ͉f͘ serves for fluorescence detection. The excitation could be performed, by, for example, a short pulse of radiation. The 
